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This invention relates to inhibitors of serine proteases such as thronA&i, factor Xa, kallikrein and plasmj., 
as wen as other serine proteases like profyl encfopeptidase and Ig Al Protease. Thrombin, the last enzyme in 
the coagulation system, cleaves soluble fibrinogen to fibrin, which Is then crosslinked and forms an insoluble 
gel forming the matrix for a thrombus. When a vessel is damaged, the above process is necessary to stop bleed- 
ing. Under normal circumstances there Is no measurable amount of thrombin present In plasma, fncrease of 
the thrombin concenlratfon can result in formalion of dots, which can lead to thromboembolic disease, one of 
the most common serious medical problems of our time. 

Thrombin contributes to haemostatic control by means of several biological reactions. In addition to its prim- 
ary funcUon. the conversion of fibrinogen to fibrin, thrombin activates Factor Xlll. which is responsible for the 
crosslinking of fibrin. Thrombin also acts by nrieans of a positive feed back mechanism Involving the activation 
of Factors V and VHI, which both are necessary for ils own formation from prothrombin. Thrombin has another 
essential role: its binding to platelets inieales platelet release and aggregation which is responsible for primary 
haemostasis. 

The reactions of thrombin are further controlled by natural inhibitors in plasma. The most important of these 
are antithrombin III and heparin. These two confounds have been isolated and are iherapeuticaHy and 
prophylactlcally used In condlttens where there is an imbalance in the haemostatic mechanism with risk for prot- 
hrornbin activation. 

Synthetic thrombin inhibitors, having oral activity, would be useful as alternatives to the parenteral admini- 
stration of these natural whlbitors. Much research In this area has resulted in the synthesis of good inhibitors 
of thrombin jn jnfro, but as yet there is no really good candidate for oral therapeutic use. By Imitating amino 
acid sequences of fibrinogen, the important natural substrate of thrombin, several good short peptide substrates 
for thrombin have been produced. These peptide substrates have also been transformed into Inhibitors of the 
enzyme. Thus, the chramogenic substrates D-Phe-Pro-Arg-pNA and D-Phe-Plp-Arg-PNA mimic the sequence 
preceding the bond split by thrombin. The corresponding reversible and Irreversible inhibitors, D-Phe-Pro-Argi- 
nal and D-Phe-Pio-Arg-CHzCI show Inhibition In vifro in the 10-« M range. 

Chloromethylketones are generally too nonspecrfically re-actwe to be ideal for therapeutic use, and the 
peptide aldehyde exemplified above has quite a (ow LD50 value. 

Factor Xa is the coagulation enzyme responsible for the generation of thrombin by limited proteolysis of 
Its aympgen, prothnsmbin. On a weight for weight basis factor Xa is at least 10 times more thrombogenic in 
viyo than thrombin. This arises from the feet that factor Xa is one step above thrombin m the amplifying cascadi 
system, so that one molecule of factor Xa can generate many molecules of thrombin from its precursor. Its pro- 
tency may also arise from the rather slow removal of factor Xa by the body. Thrombin, unlike factor Xa, Is rapidly 
cleared from circulating blood onto high affinity sites on the vessel walL The central position of factor Xa at the 
junction of the intrinsic and the extrinsic pathways should make it a suitable target for modulating the haemos- 
tatic mechanism. 

Kallikrein is fonned from prekallikrein by the action of factor XII. when located on a negatively charged sur- 
face. KaKikrein In turn can cleave factor XII to factor Xlla. thereby fomiing a reciprocal acthratlon system. Factor 
Xlla is the first enzynrw of the intrinsic part of the coagulatton system. The significance of the contact system 
is probably as a surface mediated defense mechanism, and a large scale activation of the system is normaily 
seen during shock or disseminated intravascular coagulation (DIC). The role of kallikrein at this stage is to 
cleave high molecular weight kininogen with the release of the vasodilator, bradyklnin. Bradykinin also causes 
increased vascular penneability. pain and migration of the neutrophil leucocytes. Inhilrftors of kinin formation 
have been shown to be beneficial in certain types of inflammatfon. including arthritis and pancreatitits, and may 
be useful also in the treatment of asthma. The only substance that has attained clinical significance as a kal- 
likrein inhibitor, is aprolinin (Trasylol). Aprotinin Is a polypeptide of molecular weight 6.500. and forms a stable 
complex with proteases, having a binding constant of lO-^o-lo-" M. 

Fibrinolysis is the process which causes an enzymatic dissolution of fibrinogen and fibrin clots. Plasma 
contains a protein, plasminogen, which under the influence of various activates is converted to plasmin, a pro- 
teolytic enzyme, the activity of which resembles that of trypsin. Plasmin breaks down fibrinogen and fibrin to 
fitwin/fibrinogen degradation products. 

Under normal conditions, the fibrinolysis system is in balance with the coagulation system. Small thrombi 
fornied In the blood stream can be dissolved enzymatlcally and the circulation through the vessels can be res- 
tored by the acfivation of the fibrinolytic system in the body. If the fibrinolytic activity is too high, it may cause 
or prolong bleeding. The activity can be inhibited by natural inhibitors in the blood. 

Prolyl endopepUdase cleaves peptide bonds on the carboxyl side of proline residues within a peptide chain. 
It IS a swine protease which readily degrades a number of neuropeptides Including substance P. neurotensin 
thyrotropin-releasing hormone and luteinizing honnone-releaslng hormone and whfeh has been associated with 
the ability of cell to produce interieukin 2 (IL-2). The enzyme is inhibited by benzyloxycarijonyl-prolyl-prolinal 
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SSrs. r'heumatoid arthrij^ and n,aKes thrombin to a potential target for the 

Its involvement in all these P''^'"^^'^'"^,?'„^Z^^ pathological disorders. 
« therlpertreatn-ent with thrombin inhibitors o^ f^^nT^e oSTldTspSnc natural thrombin antagonjst. 
Theactiv.lyofthep,oteasenexin-1.am«julatc^^^^ 

fe martTedly and specifically decreased to paberto «.th ""^^ ^^^^ ^.^rr^bin Inhibitors may have 

m^^blSe activity was increased in *V^^''='^^"^:"=^Sed wtth thrombin hyperactivity. 
J^iSrlimiUng or reversing neuronal p^^^^^ 
« Boronic adds have t»en studied as mhtbitors of ^he boronic acid analog of N-acetyl 

" acid amino acid analog '^^'"^ """""^^ 

' T^^tion of boronic acids with P-;««.^7„":.Jf ' tu^'^^^^ boronic add inhibitors of elastase 
35 ad Jtve been shown to be s«2^2sTSrn tre:pl^^^^^^ the peptide chlcromethylKetones. 

European Patent Application 293 881 '^""'^'^^.^^J'^trinWbitors of trypsin-like serine proteases. 

add Stives of lysine. ^XiLTSeT^^^ *e 20 naturaUy-occurrtng am.no 

^ The other amino adds in the peptules are all either the u- 



chaia. 



45 



tccordingly. the present invenUon provides compounds of formula . 



50 



Qi 

* / 

y-T-N-CH-B 



55 



Wherein W = H or an N-prolecting group; ^ peptide Y-Lys or Y-Arg has an afRniJr 

^ ^secuence of n amino -IJ^^^^'w^^^^^^^^^ » ° ^"'^"''^ ' 

for the active site of a trypsin-like protease, wnere 



f 



I 
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or Q, and Q, taken toge^t fo^a T T'^^L"^-^''' '^^'^''-R^- ''^RiR^. -OR3 

C,^ alKoxy: ^ suDstituted by up to three groups selected from C,^ alkyl. halogen and 

_^hydr^anor^^ R« fe a group -A-X wherein A is 
HChyrin which 2 is 2 .3.4 or 5; -CHf CH^f CH,>,.- 

. i Sion.orrepresen t^nySng^^'^"''''" "^^'^ ' '"^ »«ve .he D- or L-configJ 

Phenyl; of which fe prefe'e^^hr.^' L"^^^ " *^ -P''^' " C,?a.5- 

Which R/ is tert- butyl (designated B^ Z^^^'J^^^T?:!'^'^ ^''^'^ ^« of ^"""1^ Ry'OCO- In 

Preferably R5 is R.' where R,- feVrwT v. (designated Z). 
is2.3or4. ' ''■^'^"^-^•'"^''•^X'«-NH.'NH-C{NH)-NH,-N3or-SI(CH,),.andz' 

Prefened compounds are those of fomjula la 



20 



25 



OR, 

* / 
W-T-N-CH-B 

I I \ ^* 
30 R5 OR J, 

wherein; W, Y, R« and Rg are as defined above and R a„H d 

Useful examples are. 2,3-b.tane*o7 ^echS S^^^^^^ 
glycol; 1.2-hexanediol; 2.3-hexanedlcJ^etlS^^,3 "L^^tl^^^^ cydohexanediol; ethylene 

^ . 9^"P^thatare substituted on adjacemoa^aJ^^^ 

Particulariy preferred are ihie ^^^ZTt^Z^n T^""!^^''' by another carbon atom^! 
of formula a) or the group of formula b) ' ^ represent the group OPin 



- 0. 




46 




a) 

b) 



50 



55 



aads such as glutamic add gamnra-piperidide °' chemically modified alpha-amino 

..P^^.acid(Pip,p„videdthatat,eastoneamlnoacid.^ 
Preferred uimaturai amino acids are of fomiula II 



4 
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Rii 
I 

CB - 



C 
It 



II 



10 



,„ v^ich . a hy..P^.. group, ^^^^^^^^^^^^l^^^^^ - 
opUonalty by a pdar group -"^sUhjted «oa«bc gmupor ^ ha ^^^^^ ^ ^ 

polar substHuents, or to 8 tert butyl or trnnethylsilyl group. Preferamy kh » « 
nwlae c). d), e). 0. 9). h) or i) 



15 



20 




C) 



-CH2-Si(CB3)j 



d) 




e) 



25 



-CBi-C(CB3)3 



30 






35 



40 



f) 



g) 



h) 



i) 



mixture of these, but are preferably 



The unnatural amino adds of formula II may be In or U- fonn or any 
(nD-form. ^ . . .K!,„«„ffr,rinuia l in whi* Visa sequence of tvw) amino acids, 

fomwia 



45 




" These more preferred compounds have the formula «' 

Qi 

* / 

^ U - NH - CH(Rix) - CO - Pro - N - CHR, - 



5 
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16 



20 



2S 



Oi 

^ VI 

U _ Y - NB - CH - B 

I ^ 

in a polar aprolic soWent such as dimethyl ^''P**'^ J^^^^ ^rth l Sn lhT presence of an organic base 
may be produced by the reacUon of a compound of formula VI with a tnioi in me p 

s Of formula VI. as we., as compounds of fcnnula . In which X Is -SKCH,), or an a.Koxy 
group may be obtained by the reaction of a compound of formula Vil 

Oi 

VII 

CI - CH .- B 

I ^ 
Ri3 

- ^ .J D s. A Rr A-Oaikvl or -A-SKCH3>s wherein A is defined above 

of formula VIII 



30 



35 



40 



45 



SO 



59 




W - Y ^ 0 - N VIII 



(10, ex^ple Bie airtno add II. whl* " "^f X " ^^Tj to Choi Soo. 109. eMI (1987). 
The ^J^'™^ FunteLre, because WliblW ««»' <1W 

may be administered orally '"^^^"^^^^ ^ administered atone or in comblnafion with phaimaceubcal 
mammals such as humans. f^"^^ toTnS^rbody weight and preferably MO mg/Kg to obtain the 
carriers or diluents at a dose of from 0.02 to 1 6 mg/r^g oi oo^ a sustained release for- 
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in which W, R4, Rg, R,,, Q,, and are as derrned above. 
Particularly preferred compounds are those of formula r 



V - NB - CH(Ri,) - CO - Pro « N . CHRs' - B 

( V 

10 in which W. R4. R5' and R^^ are as deTtfied above. 

The most preferred compounds are the compound of formula ill 



15 



so 



the compound of formula IV 



25 



30 



(-) 



O H 
H 




O 




H 
N 





f » 



III 



IV 



35 



and the compound of formula V 
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teblets. capsules, injectable solutions and the like. The compounds of the invention may be added to blood M 
fte purpose of prevenb.^ coagulation of the blood in blood collecting or distrfeution containers, tubing or 
implantable apparatus which comes In contact with blood 

to,l J.l!^^!rf •'""'P'^'^^ ^ in'='"<le oral activity, rapid onset of activity and low 

tax cty in addition, these compounds may have special utility in the Healment of individuals who are hyperse- 
nsitive to compounds such as heparin. 

In the following examples, the symbols have the following meanings: 
2 * t>enz^oxycarfaonyl 

= t-butyloxycarbonyl 
Ac = acetyl 

MeOH = nrtethyl alcohol 

^^OAc a ethyl acetate 

=■ dicyclohexyfcarbodiimlde 
HONSu = N-hydroxy-succinimide 

= pinanediol 
~ tetrahydrofuran 

= p-nltrophenyl 

''-^ = thin layer chromatography 

=benzyi 

^ ■ 'NH-CH-{CH2CH2CH2Br)B- 

™Sal = trfmethylsilyialanine 

= adamantylalanine 
Naphal = 2-naphthylalanRie 

SoroOm = -NH-CHKCHjCHjCHaNHJB- 

BoroArg = -NH<;H-{CHjCH2CH2NHC(NH)NH2]B- 

Adgly = l-adamantylglycine 

BoroPro- = analog of proline in which the -COOH 

= group is replaced by B-Opin 
^roLys =-NH-CHKCHrCHrCH2-CHrNH2)B- 
BoroHArg = -NH-CH-(CH2CH2CH2CHjNHC(NH)NH2)B- 

BoroMpg = -NH,CH-(CH2CH2CH2-OCH3)B- 

p-OH-Me-Phal s p-hydmxymethyl-phenyialanine 

p-TBDPS-0-Me.Phal « p-teitbutyMiphenyt-silyl-oxy. methyl-phenylalanine 

The tanetie Parameters K„ k.. and are detemiined by the inhibition of the enzyme catalysed hydrolysis 
1 ^Z^^*^ y^"' Miroaniline. and its time-dependent ^ase. quantfflei by^l 

optiral density measured at 405 nm. determines the rates of the inhibited and uninhibited reactions 

Kinetic measurements are peiformed on a Qe-microwell plate in combination with a single-cell kinetic 

NaCI and 0.1% bovine serum albumin to a stock solution containing 400 nM active enzyme For the 
chromogenic assay this solution is dissolved in the same buffer to 0.4 nM. The substrate. 2AcOH-l+D-cyo. 
^JZh^rSnoM.'^ '^"^ concentration. Inhibitors are first dissoh^ed In 

«h K T K « . '^"^^ '^^ "'^^^ '° ' Further dnutions am perfomied 

with the phosphate buffer described above. k« lui «u 

*^ ^ ^"^^ '° ^ ""'^"^^ containing 100 ^1 Inhibior and 50 ul sub- 

llwi; ?r 30°;^'. Jfo if K °' P-nitroaniiine from the hydrolysis of the peptidyi p-nitroanilide substrates is fol- 
lowed for 30 mln to 1 h by measunng the increase in opUcal density at 405 nm. The collected data are used to 
calculate the kinetic parameters in the presence and in the absence of the inhibitor. Although other mechanisms 
Of acbon are not excluded, the characterization of this dass of thrombin inhibitor is restricted to the two major 
SfIlS!^,p^„^?' *° "^^^^^^ «9ht-binding competitive inhibition. Kinetic con- 

Sr^l > I rJohS ^'f Wast, revei^ble binding mechanism, namely fast binding (initial rate v. of 
l^f .^L Ji^it rl 2 ' ^"""•^ concentrationftolal enzyme concentratten) are calculated by 

i^^^nn^Srrj^ulJo': (T, """"^ " ^ ^^'^ 

Kh epp = K| (1 + S/Km) (1) 

I,L„%'f !nt ^Ir'^'^J^j;!''!! '"^^^ ^^^"'^'^ ^ '«^^<^ and tight (K, dose to or tower 
^deSSd bi '"'"'''"^'^^'^^^ isonly Slowly achieved..he pUss'curi'of pNA forS^ 
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p = V,l + %^t1-exp(-k^t)l (2) 

whefB P is the amount of pNA fonned at time Y , the iniHal rate. V, the rate at ^'^^l^-^*^*^' ^"'^ ^.^^^^ 
rent global reaction rate as a function of E.. I.. K,, ^. and the observed secondKirder rate ~"S»a"t (k .J tor 
the interaction between Inhibitor and enzyme. Data from slow, tight-binding inhibition "^^f ^"^"^"'^j;^"^ 
to equation (2) by a nonlinear regression analysis which yields estimates of Values for k „. ^^^^^ 
are^en obtained from a plot k.^ vs [1]. The value for k<« is given by the vertical Intercept. wh,le the values of 
k-^ and K, are calculated from the slope and horizontal intercepts. respecBvely. using equation p).. 

Example 1 

Boc-TMSal-Pro-NH-CHHCHj aN jBOPin 

A. Boc-O-TMSal-OH 

D-TMSal ethyl ester (21.5 g. 113.7 mMd). prepared acconling to the procedure f j" 
33 793 (19B1). b dissolved in CH^CIa and a solution of an excess of BocO in CHjClj Is added. After 15 hr a 
^ temperatlire. 500 ml of icen^ld 0.25N hydrochloric acid is added. The organic layer e washed with 5 A 
NaHCOa and brine, then is dried over NajSO* and concenfrated in vacuo- i„ moihanoi 

The cmde material (cdouriess oB) is used direcUy in the saponification step^ It .s dissolved "«*and. 
cooled to 0=. mixed with 51 0 m. of 1 N NaOH and stirred at 0- for 3 hr. After 

me mixture is extracted several times wtth ether. The organic layers ^^^^^^^''^J^^^'^^l 
over NajSO, and concentrated in vacuo. The product (29.7 g oil) is used in the next step without further puri- 
fication. 

B. Boc-D-TMSal-Pro-ONSu 

BocD-TMSaWH (29.7 g. 1 1 3.7 mMol) and p-nltrophenol (1 9.0 g.1 36.3 mMoI) are dtesotved in EJOA«;^^; 
coolN to? DCC (2M g. ?13.6 mMol) is added and the mixture is sl^d for 1 hr at 0- and ^hen for 15 ^ ^ 
^^^^mper^ture-LprUitateisflteredoffandwashedwithEtO^^ 

The resulting oil is purified by flash chromatography (9:1 hexanelElOAc) to gn.e the desred Boo^TMSal-ONp 

"^StSJlS'al^Np (51 .6 g. 1 13,7 mNtoO dissolved in THF 
of proline and EtjN is added. After 20 hr at room temperature, the THF is removed in vacuo and the aqueous 
lidlLiiut^withwaterandthenextracledseveral times with EtOAaThepH^^^ 
ted to 3 by adding 10% citric acW. The resulting oily product isextracted several «»nes Thew^ 
Wned oroanic layers are washed with brine , dried overNa^SO^ and concentrated in vacuo. The ootouriess oA 
KeS!^ eL/hexane to give the dipeptide Boc-D-TMSal-Pro-OH as a white aystaltlne compound 

"^'tJ! resulting dipeptide (26.0 g. 72.5 mMol) Is dissolved in EtOAc. After cooling to 0'. HONSu O-B 9. 85-5 
n^vil? anTocC ( li 9 □ 72.3 mMol) are added The mixture is stirred for 3 hr at 0" and then for an add.bonal 
'^sSJli^^^Zili. The mixture is recooled to 0". the dicydtohexylurea is f«ered off^^^^^^ 
^llimes with EtOAc The filtrate is washed with aqueous 0.1 M Na^CO, and then with aqueous 2% KHSO,- 
Ard^ng^2!Ui)!andconcentraUonin^^^^ 

Boc-D-TMSal-Pro-Baa-OPin 

This Dfocedure Is a one-pot 3.step procedure which comprises the in sjtu fomation of a chiral a-(bis- 
,rime*^s^^)?mrdo ^naHa hydnS^is of the two trimethylsBy. 9-PS -d the couplHj^^^^^ 
a-amino boronate with the active eater (Boc^D-TMSal-Prc^NSu) prepared in P ^^Jf^^^'JJT^X 
reactions is earned out under an argon atmosphere. The chiral a-chloro boionate (C^>^'"^"*'*'°^°>.\7'^ 
:SSm:SSnt Lboronate) (1 .75 g. 5.0 mMol) is dissolved in 2.5 mi THF and ^J^^'^'^^^^^'^^^ 
solution of lithium hexamethyldisilazane (5 ml of a 1.0 M solutK,n .n hexane 5.0 ^c^)^ 
minutes at -78-. the solution is warmed up overnight to R)om temperature. After recooling to 3 m« ^qui- 

valents o' HCI i^ dioxane are added. The mbdure is warmed up to •^Tj^P^'^^'^f^t;^^ 
lhistemperahire.Afterrecoolingto-20°.asolulionoftheactiveesterofstepB(2.28g.5.0mMol)m6mlCH^a, 

is added, followed by the addition (rf 1.39 ml (10.0 mMol) of triethylamine. 
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The mixture is stiired for 1 hr a t-l3°. waimed up to room temperalure and stirred for2 hrat this temperattirlP 
The mixture is filtered, the filirate is concentrated in vacuo, the residue is diluted with ether and washed with 
2 N HCI. 5% NaHCO, and brine. The organic layer is dried over NajSO^ and concentrated in vacuo. The residue 
ciystalleed on stariding to give the desired chiral peptide boronate as a white crystalline compound 

D) Boc-D-TMSal-Pro-NH-CHf(CHj iN JBOPin 

Boc-D-TMSal^ro-BaaOPin. the product of step C (804 mg. 1 .2 mMot) is dissolved in 13 nti of DMSO and 
sodium azide (1 56 mg. 2.4 mMol) is added. The mixture is stirred for 3 hours at room temperature. Ether / ice 
watw IS added, and immediately while crystals are precipitated out of the mixtuiB. The white precipitate is fil- 
tered off and washed with ether to give 0 6 g of the azide as a white crystaHine compound. 

Example 2 

Boc-D-TMSal-Pro-BoroOm-OPin 

The azide of Example 1 (569 mg. 0.9 mMol) is dissolved in 25 ml EtOAc and is hydrogenated in the pre- 
sence of 0.5 9 of 10% Pd / C. After 2.5 hr. catalyst is removed and the solution is concentrated in vacuo to 
yield a white foam, which is recystaHized from EtOAc / ether to give the desired product as a white crystalline 
compound, m.p.: 200 - a)2». [afo^ = - 1 1 .S" (c = 0.5 in MeOH). 

Example 3 

Boc-P-TMSal-Pro-boroArg-OPin ( benzene sulfonate) 

Boo-D^TMSal-Pro-boroOirhOPtn of Example 2 (250 mg. 0.412 mMol) is dissolved in 2 ml ethanol. Benzene 

l^^^^i * M I'^'.V? "!fi°'^ '""^"3 ^= "'"^ temperature, cyanamide 

K d^'^ T ^ ^'^''^'^ ^'^ """^^^ ^«"««- The progress of the reaction is monitoied 

, r o 5 ^ disappearance of the ninhydrin spotforthe amine starting material and the appearance 
of the Sakaguchl streak of the product is observed. After 7 days, amine can no longer be detected and the sol- 
ution )s concentrated in vacuo. The residue is dissolved in MeOH and is chromatographed on a 5 x 55 cm col- 
umn of Sephadex LM.20 with MeOH. -«-•'! Wil 

The desired product is obtained as a white foam, 
Nd=* = • 45.3° (c = i in CHiCIa). 

Exainple 4 

« 

Boc-D>TMSal-Pro-NH>CHaCH^> ^N,)&^OPin 

A) (+)-pinanediol-(S)-l-cMoro-5-bromo-pentane-1-boronate 

4-Bromo-1-butene (20.8 ml. 203.3 mMol) is reacted with catecholboiane (24.4 g. 203.3 mMol) at iOO'C 
over 16 hr. The crude product is distilled in vacuo to give 4.bromo-butane-1-boronate as a white crystalline 
compound. 

m!^ « !f!7. ^' '"""'^ "''^^ synthesized 4- bromo-butane-l-boronate 

- ^ *^ ^' """" t«'"P^rature. the THF is removed in vacuo and the residue is 

punfied by flash chromatrography (90:10 hexane/EtOAc) to give (+)-pinanediol-^bromo-butane-1-boro^ate as 

a colouness oil. 

The desired (i-)-pinanediol-(S).1^hloro-5-bromo-pBntane-1 -boronate is prepared according to the pro- 
cedure gnren m OrganometaUics 3. 1284 (1984). Therefore methyienecWoride (9.8 ml) In THF is cooled to - 

l l^fTjH"^^ ^^^-^ ^"^^ -^er 20 mia After 15 min at -lOOX. 

XtLl^iM h f (^H'inf ediol-5-bromc^pentane-l-boronate (32,8 g. 104.1 mMol) in THF is added. 

J ^"^^''T^ ^"^ ' ^' "^"'J After addibonal 15 min at 

ZZSL S . Z "1 ".i'*"^ hexaneAvater and Is extracted several Umes with hexane. After 
2'r»9 over Na,S04 and removal of the solvent in vacuo. (+)-pinanediol-(S)..1-chloro-5^^omo.pentane-1- boro- 
nate « Obtained as a yellow oil which is used directly in the next step without further pudSjn 



10 
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B) Boc-D-TMSa|.ProNH-CHUCH2)4Br)B-OPin 

Lie • lori to 78*C Th6 a-chloro-boro- 

^^^nrpS^- ^-on .... . .... .0 ~ 

dioxan isadded.thesdutionisstirredfor45 mm at-78 .3 3^^^^ before 

^iPd to -15'C BooTMSal-ProONSu (29.7 g. 65.2 mMcl) °^ ^j^, a,.i5«Cfor 1 hr.the 

LCmine (i8.f 130.4 n,Mc., is added "^^J^J^^^^^^^^^^^ in -cua 
is stirred for 2 hr at room '^'^P^^J^^^^^^X^itS with etJler. After drying over Na.SO. and 

SSn eS/hexane as a white crystalline compound, mp: 74 C. 



ts 



0 Boc-D-TMSal-Pro-NH-CH«CHz)4N,)B.OPin 



The product or step B) <33.3 . 48.B mMo.) is — r^^^^^^^^^ 
addeilL mixture isstirredforehratroorntemp^al^^^^^ 

severai times v«J eU,er. ^^'^iZ%^^'i1:^TZ^^ compound, mp: 69-70.C: «o « -74-4- 
to give Boc-0-TMSa^Pro-NH-CHaCH2)4N3;»-rin 



20 to give 

(c==1.0 inMeOH), 

Example 5 

25 Roc>D-TMSal-P fo-BoroLys-QPin 



30 



35 



40 



crystalls. mp_ 12W29-C: ao = -59-6- (c=1-0 in MeOH). 
Examplo 6 

Rnn-n-TMSal-Pfo-Bcr"*"!^"'" 

In ethanol Cynamide (210 mg. 5.0 mMol) s added ^"'^jj; ""j^^ „i„hydrin spotforlhe amine startt»« matenj.1 
Lin is monitored by RP-TtC in ''•J^JT 'S^^^^^ is IbsetS After 7 days, amine can no tonger be 

and the appearance of the Sal^agu.*. sb^eak of tte ^^^^^ ^^^^^^ ,„ ^eOH and is chromatographed 
detected and the solution is concenlrated vaoio- J*'* 

on a 5 X 55 cm column Sephadex LH-20 MeOH pHrf^W. 
The desired product is obtained as a white foam, oo "40 » tc 



Examples 7-29 

<5 . c^amniM 1-6 the compounds of fomiufa 

By methods analogous to those m Examples 1 6. tne oo 

/ 

W _ NH - CH - CO - AA - N - CH - B 

I ' ' \ 



50 



in which R..Rs'.R..Q.-<^-«^^''«^«*^^'«"""""""'°"" 



in the following table 1 can be obtained 



55 
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TABLE I 



1 



10 



IS 



20 



25 



30 



35 



Ex 






R4 








AA 


1^1 20 

1«Id 


0 SUX Veil L 


7 


Boc 


c) 


H 




>3 wNB2 


a) 


Pro 


-27,8*^ 


0,5 EtOH 


8 


Boc 


c) 


fi 


-(CH2) 


i3KHC(NB)NH2 


a) 


Pro 


-75,0" 


1,0 CB2CI2 


9 


Boc 




E 






a) 


Pro 


^64, 7'* 


0,51 CB2CI2 


10 


Boc 




E 




\ 2 SiMe3 


a) 


Pro 


-57,0*' 


0,5 CH2CI2 


11 


Boc d) 


H 


-(CB2^ 


\ 2 SiMej 


a) 


Pro 


-59, 3*^ 


1,0 CH2CI2 


12 


Ac 


c> 


H 




l3NHC(NH)NH2 


a) 


Pro 


>80,2' 


0,5 CH2CI2 


13 


Boc 


e) 


H 




>3NHC(NH)NH2 


^) 


Pro 


-42,3* 


0,5 CB2CI2 


lA 


Boc 


c) 


H 




^4»0BC(NB)NH2 


a) 


Pro 


-18,8*' 


0,5 BtOB 


15 


Boc 


e) 


H 


-(CB2] 


UNBC(NH)NH2 


a) 


Pro 


-61,7" 


0,41 ca2Ci2 


16 


Boc 




H 




UNB2 


a) 


Pro 


^52,4" 


0,54 Ce2Cl2 


17 


Boc 


d) 


H 




^3NHC(NB>HH2 


b) 


Pro 


-35,8*» 


1,0 EtOAc 


18 


Boc 


e) 


B 




b-NB2 


sl) 


Pro 


-10,6** 


0,5 CH2CI2 


19 


Boc 


d) 


H 


-(CH2: 


>3NHC(NH)NB2 


t>} 


Gly 


+ 8,8° 


0,5 EtOAc 


20 


Ac 




H 


-(CH2; 


>3-NH2 


a) 


Pro 


^78,6*^ 


0,75 CB2CI2 


21 


Boc 


e) 


H 


-(CH2 ; 


>3~NH2 


b> 


Gly 


-4,4* 


0,5 CB2CI2 


12 


Boc 


f) 


fi 


-(CH2: 


)3-N3 


a) 


Pro 


-76,0* 


0,5 CBjClj 


23 


Boc 


f) 


R 


'(CB2: 


)3-NB2 


a) 


Pro 


-25,4* 


0,5 CH2CI2 


24 


Boc 


f) 


B 


-(CH2: 


)3NBC(NH)NH2 


a) 


Pro 


-34,8" 


0,5 CBiClj 


25 


Boc d) 


H 


-(CB2 


)4NHC(NB)NB2 


a) 


Gly 


-14, 7» 


1,0 HeOB 


26 


Boc 


d) 


B 


-(CB2 


>4NH2 


a) 


Gly 


-30,6 


0,5 EtOB 


27 


Boc 


d) 


H 


-(CH2 


)4KH2 


^) 


Asp 


-^18,4* 


0,5 MeOH 


28 


B 


d) 


H 


-(CB2 


)3NH2 


a) 


Pro 


-53,6 


0,32 HeOB 


29 


Boc 


d) 


B 


-(CB2 


)40C2E^ 


a) 


Pro 


-54,2 


0 , 5 HeOB 



40 Exampio 30 

Boc-D-TMSai-PrQ-BoroMpg-OPin 

A} {'t'}-PinanedioKS)-'1-cMoro-4-methoxy-butane-1-borDnate 

45 

3-Methoxy-1-propene (5.0 g, 83,3 mMol) is reacted with catechol bora ne (1 0,0 g, 83.3 mMol) ai 1 00°C over 
24 hr. The crude product is distilled in vacuo to give 3-methoxy-pr6pane- t-bonDnate as a cofourless oil 
(4-)-Plnanediol(10.6 g, 62.5 g mMol) Is dissolved In THF and the above synthesized 3*methoxy-propane-1-boro- 
nate (12.0 62.5 mMol) is added. After 1 hr at room temperature* the THF is removed In vacuo and the residue 
50 Is purified by flash chromatography (80;20 hexane/EtOAc) to give (+)-pinanedto!-3'methoxy-propane«1-boro- 
nate as a colourless oiL 

The desired (■«')-pinanedioKS)^1^chloro-4-methoxy-butane-1-boronate is prepared according to the pro- 
cedure given in OrganometalHcs 3» 1284 (1984). Therefore methylenechloride (2*2 ml) In THF is cooled to - 
AWC and n-butyllithrum (13.8 ml 1.6 M solution. 22.0 mMol) is added over 20 min. After 15 mln at-100«C, a 
55 solution of (+>'pinanedlol'3-methoxy-propane-1-boronate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous ZnCia ( 1 .42 g, 1 0.0 mMol). After additional 1 5 min at -1 OO^'C the reaction mixture is warmed to room 
temperature and stiired for 2 hr at thb temperature. The solvent is removed in vacuo, the residue is diluted 
with ether and washed with water. Hie organic layer is dried over Na2S04 and is concentrated to give an oil 

12 
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10 



15 



20 



25 



AO 



4-methoxy-butane-1-boronate as a cdouriess oB . 

P() pT.^-ri-TMRat-Pro-BoroMpfl-OPin 

A soluUon of IJN(SiMe,h (5 mil .0 M solu lion. 5.0 mMol) in THF fe ^^^^^X S!ld to iHr at 

Of st^p A) (1 .53 9. 5.0 mMol) in THF « IS^ HC. (2.7 a. 5.65 H sdutton. 

room temperature. After this penode the ""^S r^".^ a^^^^^^ 2 hr at room temperature. 

15.0 mMol) in dioxan is added, the sduUon .s ^^^J^^^T „f 5,3^^ 1 in CH^Cl, is added before 

Themixturelscooledto-15"C. Boc^TMSa,^^^^^^^ 3^ ..^^C for 1 hr. the 

BoroMpg-OPin as a white foam, oo = -48.8' (c=0.25 in CH^Cy. 
Example 31 

Boc-D-(p-CTBDPS-0)methyl)P hal-Pro-BoroOm-C»'in 
A)Boc-D-(P-((1.1-dimelhylethyl)diphenyl-5ilyl)oxy)inethylphenylalanine 

,„ order to seleC.e.y reduce tf,e azido group in -'^'-IfJI^^r 
asuspLionofSnCM3.12g. 16.5mMo!)inCH,CI. T^^^^^^^^ 

solution is Obtained. Bocanhydrlde <4. 8 9. 22.0 --l^^) '''^''^^^^^^ (%de>95; 6.8 g. 110 

thyl)d,-phenyl-silyl)oxy^ethyl)phBnyl-lH>xc.propyl)-4-(^^^^^^^ 

mMol). prepared according to the procedure gjven n J. ^-^^^^^^^^^^^ with EtO Ac/2 N NaOH and filtered 
in CH.CI. After stWng for 2.5 hr at «om temp^^^^^^ 

over Hyflo. The organic layer is washed wrth 2%^^^^^^^ 

Afterdrying over Na^SO. and concen^tion '"^^^"^f^ ° i-d.methylelhyl)dlphenyl-sayl) oxy)-me- 

to give (3(2S).4S)-3^2K((«ert.^"ty'0'<y^=3*°"y'>,^'"7j-^^^^^^ 2.8B 
Syl^henyl^ Jxopropyl)-4-(phenylmethyl)-2-o,«zohd.n^^^^^^ ^ J ^^^^ 

Jl^) IS dVssdved in THF/water an is hydrolyzed wrth I" ^ ^^^^^n ««iO the pH of the residue adjus- 

^oSra^wM^Th^^-^^^^^^ 
foam. 

B) Boc-DKPK((1.1-*-t»V'e*y')'»'P»^-y''^"^)°'^>'^ 

DCC (0.59 9. 2.88 mMd) is added to a mixture of ^'^^"'^^^^eTsVnL'^^^^^ 
p.nl.ophenouo' 3g. 3.12n,Mo.)inEtOAcat0-C.T^ere^^on^^^ ^^^^^ ^ 

Jfter Pooling to 0»C. the P'-^ipil^l^J^^J'S'^t.^^ p^aX^s^edtie nextstepwlthootfurtherpurifl^^^^ 
vacuo. The resulting oil (Boc-DKf^TBDPS-0-Me)-Phal.ONp) b^^^ ^^^^^ L-piolme 

Boc-D-(p.TBDPS-0-^te)-PhalOt^(2.2g.2.88m^M) .s^^^^^^^^^ J temperature the THF Is 

(365 mg, 3.17 mMol) and Et3N (0.88 n^ 6-^ ^ ' 0% dJic add. The resulting cHy product b ext^cted 
removed in vacuo. The pH is adjusted to » ^^^^^^ ^ brine, dried over Na^SO. and con- 

several limes with ElOAc. The combmed ^^"^'^^^ clS^raphy (9:1 CH^l^tOH to eluate p-nUm- 
contrated In vacuo. The colouriess oA .s P""f as a wttite foam, 

phenol, then 80:20 CH^cyEtOH) to ^^^^^^^ei^Zo O'C HONSu (220 mg. ^47 mMot) and 
?his dipeptide (1.3 9, 2.06 '"^ol) js ^^itl^r^s dicydohexylurea is filtered off and 

DCC (330 mg. 2.06 mMol) are added. The mlxto« s '^^^^'^ q\ ^ Na^CO,. 8% NaHSO^ and 
washed several times wfth '^^If^^^'^^^J^^^^^^^ t«le compound Boc4.-(p-TBDPS-0- 

then with brine. After drytng over NajSO^ ano conce 
MeVPhal-PrcvONSu is obtained as a white foam. 



45 



50 



55 
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% 

C) Boc4:)-(p-TBDPS-O-Me)-Phal-Pro-Baa-0Pin ^ 

The title compound is obtained by using the analogous one-pot S-step procedum described for the synth- 
esis of Boc-D-TMSal-Pro-Baa-OPin in Example 1/C. Therefore the intermediate a-ammo-boronate. which 
5 results from the reaction of the chiral a-chloro-boronale ((^).pinanedioKShl-chloro^^bromobiitane-l.boro- 
nate) (659 mg. 2.0 mMol) with LINCSIMea)^ (2.0 mMol) and hydrolysis with HCl. is reacted with the acUve ester 
of step B) (1.45 g. ZO mMol) in the presence of Ei,H (4.0 mMol) to give the title compound which is punfied by 
flash chromatography {1:1 hexane/EtOAc). 

10 D) Boc-D-(p-TBDPS-0-Me)-Phal-Pro-BoroOm-OPin 

The product of step C) (680 mg. 072 mMol) is dissolved in DMSO and sodium azide (94 mg, 1.44 mMol) 
is added. The mixture is stirred for 4 hr at room temperature. Ether/ice water is added, and immediately white 
crystalls are precipilaled out of the mfaclurc,. The white precipitate is filtered off and washed with water to give 
IS Boc^^(p-TBOPPS-0-Me)-Phal-Pra.NH-CH((CH2)3N3)B-OPin as a white crystalline compound- 

This azjde (272 mg, 0.3 mMol) Is dissolved in ElOAc and Is hydrogenated In the presence of LIndlar-Calalyst 
After 8 hr, the catalyst is removed and the solution is concenbated In vacuo. The crude product is purified by 
flash chromatography (EtOAc then EtOH) to give the desired title compound as a white foam, ao - -32.4*' 
(c=^^5 m MeOH). 

20 

Example 32 

Boc-I>(pOH>Me)'Phal-Pro-BoroQm-OPtn 

25 The boro-omithin of Example 31 (132 mg. 0, 15 mMol) Is dissolved In THF and is reacted with n^Bu^NF (0.3 
mil .1 M solution. 0.3 mMol). After 45 min at mom temperature Ice water is added and the resulting mixture is 
extracted several times with EtOAc. The combined organic layers are dried over NszSOa and concentrated in 
vacua The resulting oil is purified by a short chromatography (EtOAc then EtOH) to give the desfred title com- 
pound as a white foam, ao - -34,0''C (c=0.1 in MeOH). 

30 

Example 33 

Boc-D-TMS-al-Adgly-boroPro-QPIn 

35 A. L-1-Adamantyigtydne 

(3{2S),4S)-3-(2-A2ido-2-adamant-1-yl-1-oxoelhyl)'4-(pheny!methyJ)-2-oxazolidone (% de > 95; 9,86 g. 
25.0 mMol). prepared according to the procedure given in J. Am. Chem, Soc. 109. 6881 (1987), is dissolved 
in 320 ml of a mixture of THF/H2O (3: 1), cooled to 0*»C. mixed with 4 equiv, of hydrogen peroxide and 2,0 equiv. 

40 of LiOH. The resulting mbclure is stirred at 0*»C until the subsbate has been consumed (30 min.), and the 
peroxide (percarboxylate) is quenched at 0«C with 1 0% excess of 1,5 N aq NazSOa, After buffering v\4th aqueous 
NaHCOj (pH 9-10) the mbcture is extracted several times with EtOAc to remove the oxazolldinone chiral 
auxiliary. The product carboxylic acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase, 
drying over Na2S04 and concentration In vacuo. The desired (S)-azido^damanl-l-yl-acetic acid is isolated 

45 as while crystalls (5,29 g) and isused In the next step without further purification. 2(S)-Azldo-adamant-1-yl acetic 
acid (5,29 g, 22.5 Mmol) is dissolved In 110 ml of EtOH and 11,3 mi of 2 N HCl, and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2,5 h, catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoacid as the hydrochloride salt The obtained hydrochloride Is suspended in 40 ml of H2O 
and is treated with 1.9 g of solid NaHCOj. The obtained amino acid is filtered off and washed several limes 

50 with water. After drying in vacuo. L-1-adamantyl-glycine is obtained as a white crystalline compound, [alo^ = 
+ 3,0(c« 1,0inMeOH). 

8, Boc-D-TMSal-Adgly-ONSu 

55 Boc^D-TMSal-ONp (7.71 g, 20,2 mMol) of example 1 is dissolved in THF and an aqueous solution of 

equimdar amounts of 1-adamantyl-glycine and EtaN is added. After 20 h at room temperature the THF is 
removed in vacuo and the aqueous residue is diluted with 1 50 ml of 0,1 N HQ, and then extracted several times 
with EtOAc The combined organic layers are washed with brine, dried over Na2S04 and concentrated in vacuo. 

14 
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The mixture is stined for 1 hr at - 1 3'. warned up to room temperature and stirred for 2 hr at this temperaturl^ 
The mixture is fillered, the fJirate is concentrated in vacuo, the residue is dfluted with ether and washed with 
2 N HCI. 5% NaHCOj and brine. The organic layer is dried over NajSO. and conoertrated in vacuo. The residue 
oystalleed on standing to give the desired chiral peptide boronate as a white crystalline compound. 

D) Boc-D-TMS3l-Pr&-NH-CHf(CHt )3N3 ]BOPin 

BocD-TMSal-Pro-Baa-OPin. the product of step C {BOA mg, 1.2 mMol) is dissolved in 13 ml of DMSO and 
sodium azide (156 mg. 2.4 mMol) is added. The mixture is stirred for 3 hours at room temperature. Ether / Ice 
water IS added, and immediately while crystals are precipitated out of the mixture. The whits precipitate is fil- 
tered off and washed with ether to give 0.6 g of the azide as a white crystalline compound. 

Example 2 

'S Boc-D-TMSal-Pro-BoroOm-OPin 

The azide of Example 1 (569 mg. 0.9 mMol) is dissolved in 26 ml EtOAc and is hydrogenated in the pre- 

^ f^? ' ^' ^ ^ ^ "'^'y^' ^ ^ so'^bon is concentrated in vacuo to 

y^ a whte foam which is recryslallized from EfOAc / ether to give the desired product as a white crystalline 
20 compound. m.p.: 200- 202°, [olo" = -11.6»(c = 0.5 in MeOH). y ne 

Example 3 

Boc-D-TMSal-Pro-boroArg-OPin ( benzene sulfonate) 

« ..^l^^^^^^t^^^^ ^^"^^^ ^ ^^^^ "'S. 0,412 mMol) is dissolved in 2 ml elhanoL Benzene 

mBZ"7'£^^^^^ ^^""^ '"^""^^^ temperature, cyanamlde 

£fpp^ r J^f^^?J' ! ^""^ ""^'^ ^^^'"^ P^^^^^ °f is monitored 

cJ^ '""^ ! disappearance of the ninhydrin spot for the amine starting materiai arKi the appearance 
of the Sakaguchi strealc of the product is observed. After 7 days, amine can no longer be detected and the sok 
□tron IS concentrated m vacuo. The residue is dissolved in MeOH and is chromatographed on a 5 x 55 cm col- 
umn of Sephadex LH-20 with McOH. on a o x d» cm coh 



25 



30 



35 



45 



SO 



55 



The desBBd product is obtained as a white foam, 
lafoso = . 45.3" (c = I in CHzCIJ , 



Example 4 

Boc>^D-TM5al-Pro-NH^CHf/CH^ )^M^\ft^nPm 
40 A) (+hpinanedioKS)-1-chloro-5-bromo-penlane-1-boronale 

nu.r^JT^^'^^T ^^^'^ "'^^^^ ^ '^^^^^^ catechdborane (24.4 g. 203.3 mlVIol) at 100^C 

comS ^'"^"^ ^ "^^^^"^"^ ^^"^"^ 4-bromo-butane-l-boronate as a whUe crystalline 

11^ B r^fifnlM l^L""^'^ ^J''^^^"^ ^'^'^ ""^ synthesized 4^brom(^butane-1-boronate 

i w J ^ ^ ^' ^ temperature, the THF Is removed in vacuo and the residue is 

purified by flash chromalrography (90:1 0 hexane/EtOAc) to give (*)-pinanediol^bromo.butane^1.boronate as 
a colourless oil. 



The deseed (+)-pinanediol-(S)-1-chloro-5-bromo-pentane-1-boronate is prepared according to the pro- 
T£S Z1Z^'^T"'!^1°L-: methylenechloride (9.8 ml) in THF is cooled to - 

I^Sr ^ « ^^-^ " ^ « over 20 min. After 15 min at -100»C 

^ ^ (*}-Pi'»"edfal-54)romcvpentane-1-boronale (32.8 g, 104.1 mMol) in THF is added. 

TcS^?2™ 1 ^"''"^"^ ^' =2'° '"^°'> AfteraidiUonal 15 mm at 

-100 ClhereactK,nmixtureiswamiedtoroomtemperatureandstirredfor2hratthistemperature Thesohrent 

dZo'er »H ""'"^ ''r Jl"^' ^^^'^'^^^ ^^^te- ^1 times with hexanH^S 

SLTZ.^Sf^* and removal of the solvent in vacuo. (+)-plnanedioKS)^1-ch1ora-5-b,om<^pentane.1- boro- 
nale .s obtained as a yellow oil which is used directly in the next step without further purilicaton. 

10 
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B)Boc-D-TMSal.Pro-NH-CH«CH2)4Br)B-OPin 

s hr at room temperature- (29 B ml 6.56 N solution, 196 mMol) in 

/Sr this periode. the reaction mixture is recooled to .78 C. H^U^J temperature. The mixture 

dtoxan is added, the sCution f 1 in CH,CI^ is added before 

is cooled to -15»C. BM^TMSal-Pro^NSu (29 7 g 6S2 m^^^^^^ 

a CI B<,irf)-TMS*Pro-NHat«C«!)-N«)»-0"" 



(c=1.0in MeOH) 

Example 5 

25 Boc-D>TMSat* PrQ-BQroLys^Ptn 



30 



35 



40 



45 



ayslalls. mp_ 128-129-C: «o = -59.6- (cM.O in MeOH). 
Example 6 

Rnr.Jl.TMSal-Pn>-Bn r-"^'n^P-" sulfonate! 

The^nzenesu^onateofBoc-D-TMSal-Pr.^^^^^^^ 
in ethanol. Cynamide (210 mg. 5.0n.Md) is added^^^^^^^^^ 

reaction ismonitored by RP-TUCinwh.ch <»'«PP«^«"^"';^^^^^^ ;,fter 7 days, amine can no longer be 
L the appearance of the SaKagucW s.eaK «f^^^^^ ? ^.etiretdfe^^^ -.n MeOH and is chmmatographed 
detected and the solution is concentrated ^^^"f. A*** 

on a 5 X 55 cm column Sephadex LH-20 w J MeOH. ^H^Cb)- 
The desired product is obtained as a v/hile foam, ao- ^0-8 tc=u 

Examples 7-29 

By methods analogous to those in Examples 1-6. the compounds of formula 

Qi 

/ 

H - CO - AA - N - CH - B 

1 

the following table I can be obtained 



y _ NH - CH - CO - - " - Y" 

50 1 I I 



in Which Rs'. R.. Qi * and M have the significances shown ,n 



55 
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TABLE I 



10 



15 



20 



2S 



30 



35 





V Rxi 


R4 






AA 




C 


solvent 


7 


Boc c) 


H 


-(CH2)3-NH2 


a) 


Pro 


-27,8«» 


0,5 


EtOB 


8 


Boc c) 


H 


-(CB2)3NflC(NB)HB2 


a) 


Pro 


-75,0* 


1,0 


CB2CI2 


9 


Eoc e) 


B 


-(CH2)«N3 


a) 


Pro 


-64,7° 


0,51 


CB2CI2 


10 


Boc e) 


H 


-(CB2)2SiHe3 


a) 


Pro 


«57,0* 


0,5 


CB2CI2 


11 


Boc d) 


B 


*(CB2)2SlMe5 


a) 


Pro 


'59,3*^ 


1,0 


CH2CI2 


12 


Ac c) 


B 


-(CH2)3NBC(NH)NB2 


a) 


Pro 


-80,2** 


0,5 


CH2CI2 


13 


Eoc e) 


B 


-(Cfi2)BNHC(NH)NH2 


a) 


Pro 


--42,3° 


0,5 


CB2CI2 


14 


Boc c) 


H 


-(CH2)4NHC(Ne)NH2 


a) 


Pro 


-18,8** 


0.5 


EtOB 


15- 


Boc e) 


H 


^(CBa)4NHC(NB)NH3 


a) 


Pro 


-61, 7» 


0,41 CB2CI2 


16 


Boc e) 


H 


-.(CBa)4NH2 


a) 


Pro 


"52, 4« 


0,54 CH2CI2 


17. 


Boc d) 


B 


-(CH2)3NHC(NH)NH2 


b) 


Pro 


-35,8* 


1,0 


EtOAc 


18 


Boc e) 


H 


-(CH2)3-Ne2 


a) 


Pro 


-10, 6» 


0,5 


CB2CI2 


19 


Boc d) 


H 


^(CH2)3NHC(NB)NH2 


b> 


Gly 


+ 8,8*» 


0,5 


BtOAc 


20 


Ac c) 


H 


-<CH2)3-NB2 


a) 


Pro 


-78,6'* 


0,75 


CH2d2 


21 


Boc e) 


H 


-(CH2)3-NH2 


b) 


Gly 


-4,4* 


0,5 


CH2C12 






H 


-(CH2)a-N3 


a) 


Pro 


-76,0* 


0,5 




23 


Boc £) 


H 


-(CB2)3-NH2 


a) 


Pro 


^25,4* 


0,5 


CB2CI2 


24 


Boc £) 


H 


-(CB2)3NBC(NB)NB2 


a) 


Pro 


-34,8* 


0,5 


CB2CI2 


25 


Boc d) 


H 


-(Ce2)4NBC<NB)NH2 


a) 


Gly 


-14,7* 


IrO 


HeOB 


26 


Boc d) 


H 


-(CH,)4llB2 


a) 


Gly 


-30,6 


0,5 


EtOB 


27 


Boc d) 


H 


-(CH2)«NB2 


a) 


Asp 


-18,4* 


0,5 


MeOB 


28 


B d) 


H 


-(CB2)3NH2 


a) 


Pro 


-53,6 


0,32 


MeOB 


29 


Boc d) 


H 


-(CB2)40C2B5 


a) 


Pro 


-54,2 


0,5 


MeOB 



40 Example 3D 

Boc-D-TMSal-Pro-BoroMpg-OPin 

A) {•»*)-Pinanediol-(S)-1 -chloro-4-methoxy-butane-1'boronate 

3-Methoxy- Vpropene (6.0 g, 83,3 mMoi) is reacted with catechol bora ne (10.0 g» 83.3 mMol) at lOO'^C over 
24 hr. The crude product is distBled In vacuo to give 3-metho)(y^propane-1'-boronate as a colourless oil, 
(-i-}-Pinanediot(10,6 g, 62.5 g mMol) is dissolved in THP and the above synthesbred S-methoxy-propane-l^boro- 
nate (12.0 g, 62,5 mMol) is added. After 1 hr at room temperature, the THF is removed in vacuo and the residue 
50 is purified by flash chromatography (80;20 hexane/EtOAc) to give (+)-pinanediol-3-methoxy-propane-1-boro- 
nate as a colouriess oil« 

The desired (-i')*pinanedtol-(5)-*1-chloro-4-methoxy-butane-1-borDnat8 is prepared according to the pro- 
cedure given in Organometallics 3, 1284 (1984), Therefore methylenechloride (2.2 ml) in THF is cooled to - 
100**C and n-butyllllhium (13.8 ml 1.6 M solution, 22.0 mMo!) is added over 20 min. After 15 min at'100*C, a 
55 solution of {+)-pinanediol-3-melhoxy-propane-1-boronate (5.04 g, 20 mMol) in THF is added followed by 
anhydrous ZnCIa (1 .42 g, 10.0 mMol). After additional 1 5 min at -1 00°C the reactbn mixture is warmed to room 
temperature and stirred for 2 hr at ^ts temperature. The solvent is removed in vacuo» the residue is diluted 
with ether and washed with water. The organic layer is dried over Na2S04 and is concentrated to give an oil 
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. w .♦^r.r.hv 1 hexane/EtOAc) to give the desired (+)-pinanedlo|.{S)-1 ^hloro- 
which is purifiBd by flash chromatography (9. i nexane/tiuMo; y 
4-methoxy-butane-1-boronate as a cdouitess oB. 

R) Boc>D-TMSai'Pro-BorDMpg-OP<" 

of step A) (1.53 9. 5.0 rtf^ol) in THF is added. After stimng for 1 hr at -78 C m^x^ure 
^om tempera Je. After this periode. the reacBon n.xtu« 

15.0 mMcS In dioxan is added, the solution is "J'" J^^lt^airil added before 

The mixture is cooled to -1 5»C. Boo-TMSal-Pro-ONSu (2 28 g 5 0 m^^^ 

triethylamlr^e (1.39 ml. 10.0 mMo.) Is added to start the ^^^^f^redt^^r C an^^^^^^^^^ 
nJTe is stirred fbr 2 hrat room ^'^'"^•Jt'r?"^^^'^^^^^^ brine. After removal 

The residue is dHuted with EtOAc and is washed witti 02 ^ NaHTO, an™ y ^ ^,.p,^ 

of the solvent, an oil is obtained which is purified by flash chromatography (EtOAc) to g-ve 
BoroMpg-OPin as a white foam, oo = -48.8» (c^O-25 .n CH2Cy . 

Example 31 

Boc-D-(P-(TBDPS-0)methvl)Phal-Pro-Bo roOni-OPir> 

A) Boc-D-(p-((1.1'dlmethylethyl)diphenyU8ilyl)oxy)methylphenylalanine 

.n .der to s^ectively reduc. the group . the s^^^^^^^^^^ 
a suspension of SnCI, (3.12 g. 16.5 mMol) . Tr«*y'a^^^^ 

solution is obtained. Bo^nhydride (4.8 g. 22.0 n'';^^°^> « 2 jxSoHdirine (%de>95T6.8 g. 110 

,hyl)dH)henyl-snyl)oxy-mBmyl)phenyM_^o.propyH^^^^^ 

mMd). prepared according tothe procedure 9««n .n J- Am ^^J^^^^^^^^ ^^oAc^ ^ NaOH and filtered 
In CHaCt- After stirring for 2.5 hr at room temperature, "^J^^^ l^^^^ and finally with brine, 

over ^o.Theo.paniclayer is washed with 2% aqueo^Na^^^^^^ 

Af«erd,ylngoverNa^0.andconcenlx^ionmvac«ot^^^^^^^^ 
to give (3(2S).4S)-3-(2K((tert.-bu^=^>^ 

thyl)-phenyH-oxopropylH-{phenylmethyl)-2-oxazolldinone as 8J^""« ' ^c. After 1.75 

-riic • t^^oH in vacui!} the oH of Ih© residue is adjus- 



m 



foant. 



0 
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B)Boc^(pK((t.t-d«'^»Vtethyl)diphenyl-si!yi)oxy)-methyl>-phenylalanine-Pr.>-ON&^ 

000 .... ^^r.-^i^i^j^it^',::::^^ 

vacuo. The resulting ofl (Bo'^t>^TBDPS-0-Me)-Phal-ONrt P „ L-p«)line 

Boc.D^(p-TBDPS^J^VP^^Np^^^^ ,1 temperature the THF 

(365 mg. 3.17 '"^oO and Et,N (O M 6.M mM«) ^^^^j^. ^.^^ ^^^^^^ ^^3,,,^ 

removed in vacuo. The pH is adjusted to 3 by »''°'"9j" * "J" . .^^ over NajSO, and con- 

several times with ElOAc. The combined organic layers S^C^WEtOH to eluate p-nitro- 

centrated in vacuo . The colourt^s oil is P"""^^^^^! JL?S^^^ a white foam, 

phenol, then 80:20 CH,Cl,/EtOH) to S^e ^»^(^TCDP^C^) P^^^ 2^17 mMol) and 

This dipeptide (1.3 g. 2.06 mMol) is dissolved !" EtOAc. Afte^j^mgto » ^^^ONS I ^ ^^^^^^^ ^ 

DCC (330 mg. 2-06 mMol) -^J^^^t''^:ZZ I Z^Z' s^^^O.Tu^OO, 8% NaHSO. and 
Me)-Phal-Prc>-ONSu is obtained as a white foam. 
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C) Boc-D-(p-TBDPS-0-Me)-Phal-Pn>-Baa-OPin ^ 

The liUe compound is obtained by using the analogous one-pot 3-step procedure described for the synth- 
esis of Boc-O-TMSal-Pro-Baa-OPin In Example 1/C. Therefore the intemediate a-amino-boronate. which 
5 results from the reaction of the chirat a-chloro-boronate ((*>.pinanedioHS> l-chlortM-bromo-butane-l-boro- 
nate) (659 mg. 2-0 mMol) with UN(SIMe,), (2.0 mMol) and hydrolysis with Ha is reacted with the aoh^ ester 
of step B) (1 .45 9. 2.0 mMol) in the presence of Et,N (4.0 mMol) to give the title compound which is porrfied by 
flash chromatography (1:1 hexane/EtOAc). 

10 D) Boc-D-(p-TBDPS-0-Me)-PhaJ-Ptt>-BoroOrn-OPin 

The product of step C) (680 mg. 0.72 mMol) is dissolved in DMSO and sodium azide (94 tng. 1.44 mMol) 
is added The mixture is stbred for 4 hr at room temperature. Ether/ice water is added, and immedately white 
crystalls'are preoipitalBd out of the mocture. The white precipitate is filtered off and washed with water to give 
Boc-D-(p-TBDPPS-aMe).Phal-Pn>^H-CH((CH,)3Ns)B^Piri as a white cofstalline compound. 

This azide (272 mg. 0.3 mMol) is dissolved In EtOAc and is hydrogenated in the presence of bndlar-C^ahrst 
After 8 hr the catalyst is removed and the solution is concentrated in vacua The crude product is ponlied by 
Hash chnimatography (EtOAc then EtOH) to give the desired title compound as a white foam, oo » -32.4- 
(ceO.25 in MeOH). 



fS 



2D 



Example 32 

Boc-D-(p-OH-Me)-Phal-PrQ-BoroOrtt-OPin 

25 The boro^rrJithin of Example 31 (132 mg. 0.15 mMol) isdissoWed in THFand is reacted with n-Bu«NF (0.3 
ml 11 M solution. 0.3 mMol). After 45 min at room tempwature Ice water Is added and the resulhng mixture is 
extracted several times with EtOAc. The combined organic layers are dried over NbjSO* and concentrated m 
vacuo. The resulting oB is purified by a short chromatography (EtOAc then EtOH) to give the desired title com- 
pound as a white fbam, ao = -34.0X (c=0. 1 in MeOH). 

30 

Example 33 

Boc-D-TMS-al-Adgly-boroPro-OPin 
35 A. L-I-Adamantylglycine 

« 

(3(2S)4S)-3.(2-A2ido-2-adamant-1.yl-1-oxoethy!)-«-(phenyImethyl)-2-oxazolidone (% de > 95; 9.86 g. 
25 0 mMol). prepwed according to the procedure given in J. Am. Chem. Soc. lOT. 6881 (1987). is dissolved 
in 320 ml of a mbtture of THF/H^O (3:1). cooled to O'C. mixed with 4 equiv. of hydrogen peroxide and 2.0 equiv. 

40 of LiOH The resulting mixture is stirred at 0°C untH the substrate has been cwisumed (30 mm.), and the 
peroxide (percarboxylate) is quenched at 0"C with 1 0% excess of 1 .5 N aq Na^SOj. After buffering with aqueous 
NaHCOs (pH 9-10) the mixture is extracted several times with EtOAc to remove the oxazolidlnone chiral 
auxiliary. The product carboxyllc acid is isolated by EtOAc extraction of the acidified (pH 1-2) aqueous phase, 
drying over Na^SO* and concentration in vacuo. The desired (S)-azido.adamant-1-yl-acelic acid is isolated 

45 as white crystalls (5.29 g) and is used in the next step without further purification, 2(S)-Azldo-adamant-1-ylaoetlc 
acid (5.29 g. 22.5 Mmol) is dissolved in 110 ml of EtOH and 11.3 ml of 2 N HCI. and is hydrogenated in the 
presence of 0,7 g of 10% Pd/C. After 2.5 h. catalyst is removed and the solution is concentrated in vacuo to 
yield the desired aminoacid as the hydrochloride salt The obtained hydrochloride Is suspended in 40 mi of HjO 
and is treated with 1.9 g of solid NaHCOs The obtained amino add is filtered off and washed several times 

so with water. After drying in vacuo. L-l-adamanlyl-glydne is obtained as a white ctystelline compound, [afo = 
* 3.0 (c = 1,0 in MeOH). 

B. Boc-D-TMSal-Adgly-ONSu 



59 



Boo-D-TMSal-ONp (7.71 g. 20.2 mMol) of example 1 Is dissolved in THF and an aqueous solution of 
equlmolar amowte of l-adamantyl-glycine and EtjN is added. After 20 h at room temperature ttie THF is 
removed in vacuo and the aqueous residue is dButed with 150 ml of 0.1 N HQ, and then extracted several times 
witti EtOAc. The combined organic layers are washed with brine, dried over NazS04 and concentrated in vacuo. 
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TO 



15 



• *ho Hineotide Boc-D-TMSal'Adgly-OH as an 

After drying over Na2S04 ano conwuu 



foam, 

n Boc>D,TMSp »-^Hn]v.>boroProOPtn 



p^eedumdesaibedfor the synth- 

mp: 1B7-188'C. tafc^ » *2,8- (c= 1.0 in CHaOi). 
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Claims 

1, A compound of formula I 



* / <I) 
tf_Y-N-CH-B 



"""^ Wis hyd«>9en or an.N.proleoling group ,„i„oacW peptide Y-Lys or Y-Arg has an affinity 

orO, ani Q,taRen togemerfonn a ^o' residue; ^ ^^^^^ ^^^^^^ or pi^any. 

Ri. and R, which may be the same w c^alkoxy: 
substituted by up to three groups selected from C^alkyt. ha og 
is hydrogen or CvtoalkyI 

Rs is a group -A-X; wherein 

A is ^CHJz- in which z is 2,3.4 or 6; 

' X -NHa. -NV«:(NH>-NH. -S^l'^^^-^^-'^'^,^^^^^^^ c^bon atom ma*ed ' may have 

R, and R. together fom. a '^'-J^^-^^^^^^^ 
the D- or L- configuration or represent any mature o 

" " „ -.Q. R-OCO- or RaSOr. wherein. 

Acompoundaooordingtoclaimlmwhlcnwis v 

p= 3-30 

r= clil^lpbenyl. benzyl or naphtbyl; and 
phenyl, naphthyl or C,ualkylP»^"y 



35 



40 



45 



90 



55 
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A compound according to daim 1 or 2 which fs of formula la 




OR9 



w - y - 



I 

R4 



CH 
I 



- B 



la 



OK 



10 



wherein: W.Y.I^ and Rs are as defined In claims t or 2 and R9 and R,© represent the reskJue of a dihydroxy 
compound. 

A compound according to claim 1 or 2 wherein Qt and Q2 together represent a group of fonmula (a) or (b) 




-0 




-0 




(a) 



r 



A compound according to any one of darms 1 to 4 wherein the unnatural amino acid is of formula II 



I 

CH 



C 
« 



wherein R^ is a hydrophobic group. 

A compound according to claon 5 wherein R^ is RW and Is a croup of formula (c), (d). (e). (f), (g), (h) or 
(0 




-CH2-Si(CH3)3 




c) 



d) 
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